Objectives: Oroxylin A, a natural flavonoid isolated from Scutellaria baicalensis, has been reported to have anti-hepatic injury effects. However, the effects of oroxylin A on alcoholic liver disease (ALD) remains unclear. The aim of this study was to elucidate the effects of oroxylin A on ALD and the potential mechanisms.
hepatocellular cancer in humans. It is demonstrated that cellular senescence happened in diverse liver disorders and in a range of cell types, including hepatocytes, [1] [2] [3] hepatic stellate cells 4, 5 and cholangiocytes. 6 Recent studies proved that senescence of hepatocytes is linked to fibrosis stage and disease progression. 7, 8 Elimination of senescent hepatocyte may be a novel therapeutic strategy to reduce steatosis in non-alcoholic fatty liver disease. 9 However, the effects of cellular senescence on ALD progression and potential mechanisms remain unclear.
Cellular senescence is defined as an anti-proliferative programme that leads to the stable form of cell cycle arrest in the cell. 10 Senescent cells is typically characterized by telomere shortening or telomerase system dysfunction, 11, 12 activation of senescence-associated β-galactosidase (SA-β-gal) and accumulation of DNA damage 13 that distinguishes them from most quiescent cells. Besides, the senescence of cell mediated by interplay between multiple pathways, most notably, the p16/pRb and p53/ p21 signal pathways. 14, 15 The Hippo/YAP signalling pathway has been well established as a growth-suppressive pathway. Hippo pathway kinases inhibited the downstream effector Yes-associated protein (YAP) by promoting its cytoplasmic localization in a S127
phosphorylation-dependent manner. The activation of YAP stimulates genes expression of the cell fate acts mainly through TEAD family transcription factors. 16, 17 Previous studies have discovered that YAP plays an important role in the regulation of cellular senescence, except in the regulation of cell proliferation and apoptosis. 18, 19 Oroxylin A (5, 7-dihydroxy-6-methoxyflavone, C 16 H 12 O 5 ), the active component of Scutellaria baicalensis, is one of the most important medicinal herbs in traditional Chinese medicine. Oroxylin A has been reported to have antioxidant, 20 anti-inflammation, 21 anti-cancer, 22 antiviral and anti-bacterial infections. 23 Although oroxylin A has been reported to have anti-hepatic injury effects, the hepatoprotective role of oroxylin A in alcoholic liver injury remains unclear. The purpose of this study was to investigate the effects of oroxylin A on alcoholic liver injury and the senescence of hepatocyte.
| MATERIALS AND METHODS

| Reagents and antibodies
The following compounds were used in this study: oroxylin A was generously presented by Qinglong Guo (China Pharmaceutical University, Nanjing, China), and verteporfin was obtained from 
| Experimental animal procedures
All experimental procedures were approved by the institutional and local committee on the care and use of animals of Nanjing University 
| Isolation and culture of hepatocytes
Human hepatocyte cell line LO 2 (Cell Bank of Chinese Academy of Sciences, Shanghai, China) were cultured in Dulbecco's modified
Eagle's medium with 10% foetal bovine serum, 1% antibiotics and grown in a 5% CO 2 atmosphere at 37°C. 
| Cell transfection with
| Real-time polymerase chain reaction
Trizol reagent (Sigma, Saint Louis, MO, USA) was used for total RNA extraction from treated LO 2 cells. After isolation, 1 μg of total RNA was transcribed into cDNA by using the superscript reverse transcriptase kit (Vazyme Biotech Co., Ltd, Nanjing, China). The detection of cDNA expression for the specific genes was performed using quantitative polymerase chain reaction (PCR) (Vazyme Biotech Co., Ltd).
Glyceraldehyde phosphate dehydrogenase (GAPDH) was used as the invariant control. The following primers of genes (GenScript, Nanjing, China) are available upon request:
| Western blot analysis
The whole cell protein extracts were prepared from treated LO 2 cells.
Cells were lysed in ice-cold RIPA lysis buffer and subjected to centrifugation (10 000 g) at 4°C for 15 minutes. Then, the supernatants were used for quantification of the total protein concentration by using a BCA Protein Assay Kit (Beyo-time Biotechnology, Haimen, China) according to the manufacturer's protocol. Western blot analysis was performed as we described previously. 24 Briefly, hepatocyte lysate (50 μg/well) was separated by SDS-PAGE and the proteins were transferred onto the nitrocellulose membrane. β-Actin was used as an invariant control for the target proteins. Representative blots were shown.
| Biochemical analyses
Mice serum and cell supernatant were collected for the detection of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) or lactate dehydrogenase (LDH) by using commercial assay kits according to the protocols from the manufacturer (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
| Histological analyses and immunohistochemistry
Liver tissues fixed in 4% buffered paraformaldehyde were embedded in paraffin and stained with haematoxylin and eosin (H&E).
Immunohistochemistry of liver section was performed by using antibody against γ-H2AX and Ki67 according to the previous study. 
| Statistical analysis
Data were presented as mean ± SD, and results were analysed using SPSS 16.0 software. Histograms were created using GraphPad Prism 5 software (San Diego, CA, USA). The significance of difference was determined by 1-way ANOVA with the post hoc Dunnett's test.
Values of P < .05 were considered to be statistically significant.
| RESULTS
| Ethanol induced cellular senescence in human hepatocyte LO 2 cells
To 
| YAP expression levels correlated with cellular senescence in ethanol-treated hepatocytes
It has been reported that YAP binds to the transcription factor TEAD directly to inhibit cellular senescence. The results revealed the mRNA and protein levels of TERT were elevated by YAP plasmid in ethanol-treated hepatocytes ( Figure 2D -E).
We also analysed telomere-associated proteins TRF1 and TRF2, which might affect telomerase activity. Previous reports indicated that TRF1
negatively control the maintenance of telomerase-associated telomere length. 33 On the other hand, although TRF2 is associated with stabilizing the telomere structure, 34, 35 TRF2 is also related to telomere shortening. 36 Western blot experiment indicated that the expression of TRF1 was elevated by ethanol treatment, but overexpression of YAP could reserve this effect. In addition, TRF2 expression did not change significantly by YAP plasmid in ethanol-treated hepatocyte ( Figure 2E ).
Together, these data displayed that YAP overexpression inhibited the senescence phenotype in ethanol-damaged hepatocyte.
| Oroxylin A inhibited cellular senescence in ethanol-treated hepatocytes
Oroxylin A, a traditional medicinal herb, has been studied in liver disease, especially in the field related to liver cancer. 37, 38 Cell
Counting Kit-8 assay showed that oroxylin A (0-60 μmol/L) treatment have no effect on cell viability of hepatocyte ( Figure 3A Verteporfin can increase the number of SA-β-gal-positive LO 2 cells when compared to the oroxylin A treatment ( Figure 5B ). Meanwhile, we found that oroxylin A activation of telomerase was suppressed by verteporfin in ethanol-treated hepatocyte ( Figure 5C ). Besides, verteporfin partially reversed the levels of p16, p21 and Hmga1, which inhibited by oroxylin A in ethanol-treated hepatocyte ( Figure 5D ). We further knock down YAP using the standard protocol for siRNA transfection of hepatocytes, in which hepatocytes are transfected after 6 hours of in vitro culturing. Consistently, down-regulation of YAP significantly disturbed oroxylin A inhibition of cellular senescence in ethanol-treated hepatocyte ( Figure 5E ). In sum, these results showed that YAP played a critical role in oroxylin A regulation of cellular senescence in ethanol-treated hepatocyte. 
| YAP inhibition abrogated the protective effect of oroxylin A on alcohol-induced liver injury
| YAP suppression abolished the repression effect of oroxylin A on alcohol-induced hepatocyte senescence
Additionally, compared with the ethanol treatment group, oroxylin A decreased the number of foci containing γ-H2AX + hepatocytes.
However, this influence could be reserved by verteporfin ( Figure 6C ). 
| DISCUSSION
In the present study combining cell culture experiments and animal models, we identified a protective mechanism of oroxylin A against ALD that may rely on the anti-senescent impact of YAP in ethanol exposed hepatocyte. YAP, a major target of the Hippo pathway, played an important role in liver regeneration, 39 liver fibrosis 18, 40 and liver cancer. 41 However, the role of YAP in ALD is not known.
Human hepatocyte LO 2 cells were incubated with 100 mmol/L ethanol for 24 hours to establish an in vitro model of ALD as described in quite a few researches. 26, 29, 42 In this study, we observed that etha- 
